This paper discusses how the distribution of geminates as opposed to singletons (e.g., /pp/, /dd/, /mm/ vs. /p/, /d/, /m/) is determined in loanword adaptations in Japanese, a language whose native system employs consonant length contrastively. We propose an output-oriented analysis to account for both new and previously-established generalizations in the framework of Optimality Theory (OT, Prince and Smolensky 1993) and demonstrate that consonant gemination in Japanese loanwords is caused by two different factors, one of them involving prosodic faithfulness, the other prosodic markedness. Analyses that champion only one of these, as we will show, remain incomplete. First, prosodic faithfulness to the source word is involved when gemination is a way of preserving word-final codahood, or moraicity, in the English source words (see Lovins 1975;  there is a significant literature in recent decades, we will return to details later). The second factor is prosodic markedness. Significant higher-level prosodic factors that are part of the native system are also at work and result in gemination. For example, we will see the workings of the INITIALFOOT constraint, demanding prosodic words to start out with a bimoraic foot, not with an unfooted syllable.
The paper is organized as follows. We will first sketch the basic structure of modern Tokyo Japanese, with a main focus on geminate consonants in its native phonology (section 2). We will then present our basic claim and analysis about consonant gemination in Japanese loanwords (section 3). We demonstrate in this section how our prosodic analysis is different from previous analyses based solely on input-output correspondences. Sections 4 and 5 are the core part of this paper where our output-oriented analysis is illustrated for each and every basic fact regarding gemination and non-gemination. Segmental conditions on gemination are discussed in section 4 and prosodic conditions, in section 5. Previous studies on consonant gemination in Japanese loanwords are also critically discussed throughout the paper. The final section gives a summary of our analysis and future agenda.
2 Basic structures of native Japanese phonology
Segmental length
As is well known, consonant length as well as vowel length is distinctive in Japanese phonology (Shibatani 1990; Kawahara 2015; Kawagoe 2015) . Thus, there are many minimal pairs including those in (3) that contrast a single consonant (singleton) with a geminated consonant (geminate). Geminates appear only word-medially.
(3) Singleton and geminate segmental minimal pairs:
Singleton Geminate Phonetic studies have shown that, other things being equal, consonant length is signaled primarily by consonant duration (Fujisaki and Sugito 1977; Han 1994) . Thus, the closure duration of [t] is much longer in /ki'tta/ 'cut (past)' than in /kita/ 'north'. Geminate fricatives have a much longer frication duration than singletons: e.g., [s] is considerably longer in /kassen/ 'battle' than in /kasen/ 'underline'.
While consonant length is contrastive in Japanese, not all consonants have a geminate counterpart. First, no voiced obstruent (b, d, g ) can be geminated in the native (Yamato and Sino-Japanese) phonology.
1 This is illustrated, for example, by the fact that in the course of history /tada/ 'only' turned into /tatta/, not /tadda/, when geminated for emphasis. It follows from this and other facts that the native phonology of Japanese is subject to the constraint in (4), which has a well-known aerodynamic basis (Kawahara 2015:53-56 ) and cross-linguistic support. The presence of voiced obstruent geminates always implies the presence of voiceless obstruent geminates: No language bans just voiceless obstruent geminates while allowing voiced obstruent geminates (Maddieson 1984) .
1 Nasals have geminated counterparts (/kammuri/ 'crown', /kannon/ 'goddess of mercy') where the coda portion is considered a moraic nasal. Glides following moraic nasals are best understood as geminate glides with an initial nasalized portion (fuNwari  fuw̃wari 'floating' boNyari boỹyari 'unfocused', see Mester and Ito 1989:275; Vance 2008:96) .
(4) NOGEMINATEVOICEDOBSTRUENT (NOGEMVOIOBS) Voiced obstruent geminates are prohibited.
We will return to the details later, when we show that further differentiation between segment types might be warranted for Japanese. Second, voiceless fricatives fall into two types: Those that can be geminated ([s] and [ʃ] ) as shown in (5), and those that cannot ([h] ).
(5) ka.sen 'underline' vs. kas.sen 'battle' ka.ʃa 'freight car' vs. kaʃ.ʃa 'pulley'
Note that /h/ can be geminated in several independent contexts in the native phonology, but when geminated, it alternates with [pp] As in many languages, only a single consonant can fill the onset and coda position in a wellformed Japanese syllable. We state this unviolated constraint as NOCOMPLEX in (6) (after (Prince and Smolensky 1993) , combining NOCOMPLEXONSET and NOCOMPLEXCODA.
(6) NO COMPLEX SYLLABLE MARGINS (NOCOMPLEX): No more than a single consonant can fill the onset or the coda position in a syllable.
NOCOMPLEX is responsible for triggering epenthesis in the adaptation of many loanwords (such as plan  puran). Besides this complexity restriction, there is another condition on the type of allowed codas (see Ito and Mester 2015:370-371 and work cited there).
(7) CODACONDITION (CODACOND): The coda can only be the first part of a geminate or a moraic nasal.
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The effects of CODACOND can be seen in the verbal inflectional paradigm, where it is responsible for both gemination (/kir-ta/ 'cut-past' kitta) and place assimilation (/kam-ta/ 'chew-past'  kanda). Finally, there is an important size restriction on the syllable, which can be gleaned from the fact that geminate consonants cannot occur after a long vowel or diphthong. Thus, in the native phonology, toki, tokki, and tooki are all legal forms, but *tookki is not (8).
Long V___ too.ki 'pottery' *took.ki Kubozono (1999) attributes this distributional restriction to a constraint on the optimal size of the syllable, which permits light (monomoraic) and heavy (bimoraic) syllables, but not superheavy (trimoraic) ones. In Japanese, as in other languages, long vowels and diphthongs count as two moras, while the moraic nasal as well as the first half of geminate consonants counts as one mora.
(9) NOSUPERHEAVYSYLLABLES (NOSUPERHEAVY): Trimoraic syllables (σ μμμ ) are banned.
The same constraint accounts for the seemingly peculiar loanword adaptation process known as 'pre-nasal vowel shortening' (Lovins 1975) . This process, illustrated in (10), shortens long vowels and diphthongs before a moraic nasal, thus creating bimoraic syllables out of a string that would otherwise result in trimoraic syllables (see Kubozono 1999; 
Tokyo London
In these examples, the input forms vary from a monomoraic monosyllable (L) to a disyllabic word consisting of two heavy syllables (HH). This variability in the input contrasts with uniformity in the output, where only HL or HH structures are permitted. For example, the input me (L) gives rise to ee.me (HL). More striking is the fact that both HL and LH inputs yield HL outputs: go.han and tan.go turn into han.go and gon.ta, respectively. 5 All in all, ZG-formation exhibits a strong tendency towards HL and HH outputs and against LH outputs. ZG is not isolated in exhibiting such a tendency. Baby words display a remarkable preference for HL and HH rather than LH and other prosodic forms (Kubozono 2003) . In (12), inputs and outputs represent adult and baby forms, respectively.
(12) Baby words a. LL  HL ba.ba  baa.ba, *ba.baa 'grandma' The interesting asymmetry between HL and LH in the output is also observed in the process of loanword truncation. Crucially, HL forms are perfectly acceptable in the output, whereas LH forms are strictly prohibited (Ito 1990; Kubozono 2003 There are several other independent processes that display a bias towards HL and HH, and against LH outputs in Japanese (see Kubozono 2003 for more evidence).
Rather than a prosodic form constraint directly banning LH sequences in word-final position (adopted in Kubozono, Ito and Mester 2008) , our proposal here is that the real generalization can be found at a prosodic level higher than the syllable, namely, the foot level. Given the standard assumption that Japanese has bimoraic foot structure (see Poser 1990 for evidence), sequences of syllables are maximally parsed as either (LL) or (H), with leftover light syllables remaining unparsed. Thus, the relevant forms in question are parsed as in (14), where ( f ) and [ ω ] demarcate feet and prosodic words, respectively.
Viewed in terms of footing, we see immediately what the problem is with (14c): It violates the constraint INITIALFOOT, which requires prosodic words to begin with a foot left-aligned with the prosodic word (Ito and Mester 1992:31) . This constraint is violated by prosodic words with an initial unfooted syllable, and can be understood as an instance of a more general STRONGSTART requirement (Selkirk 2011:470) . It is satisfied in (14a,b) but violated in (14c), causing the HL~*LH asymmetry in the patterns discussed above in (11)-(13). As we will see, INITIALFOOT, together with other constraints, is also responsible for consonant gemination in loanwords.
Accent structure
In the light of more recent work, (Tokyo) Japanese also exhibits a certain bias with respect to accent structure. It permits two major accent patterns: accented and unaccented (McCawley 1968 , Kubozono 1988 . Putting aside the unaccented pattern, there is a striking tendency to put the accent on the third or fourth mora from the end of the word if it is a noun (Martin 1952:33) . Seen conversely, accents on the penultimate or final mora of a word are avoided.
In the Yamato and Sino-Japanese lexicon, words with an accent on the antepenultimate mora, such as i'not ͡ ʃi 'life', overwhelm those with an accent on the penultimate or final mora, such as koko'ro 'heart' or otoko' 'man' (Kubozono 2006; Kubozono, Ito and Mester 2008) . This is true of loanwords, as well, as shown by typical examples as in (16), where the accent is on the antepenultimate mora irrespective of its location in the source words. This constraint is clearly violable in Japanese since many bimoraic native nouns such as ne'ko 'cat', have accent on the penultimate mora, and this penultimate pattern is by far the most common in bimoraic SJ nouns (e.g., e'ki 'station', to'syo 'book'), as well as in bimoraic loanwords (e.g., ba 'su, 'bus', pi'ru, pill, kya'bu 'cab') . In fact, we will see in section 5.2 that it is convenient to have, besides the general NONFINALITY constraint (17), a separate version for non-minimal words larger than a single foot.
In this context, it is worth considering the peculiar behavior of /ru/, /su/ and /fu/ (=[ɸu]) in Japanese phonology. In loanword adaptations, word-final /CVru/, /CVsu/ and /CVfu/ sequences behave in many ways as if they were a single heavy syllable. One possibility, pursued in earlier work (Kubozono, Ito and Mester 2008) , is that the final (usually epenthetic) vowel u is indeed extraprosodic here, so these sequences count as heavy syllables: .CVr.u, .CVs.u, and .CVf.u. The accentuation pattern of words consisting of four moras shows that word-final LL sequences of the form CVru, CVsu, and CVfu pattern with word-final H. While loanwords generally show a remarkable bias towards the accented (vs. unaccented) pattern in Tokyo Japanese (Shibata 1994; Kubozono 2006) , they tend to be unaccented if they are four moras long and end in a sequence of two light syllables (see also Ito and Mester 2015) . Thus LL-final (a.me)(ri.ka) and (mon)(ba.sa) (place names) are unaccented, whereas H-final (ro'n)(don) 'London', (sa'i)(daa) 'cider', and (bu'.ru)(zon) 'blouson' are accented. However, LL-final cases with ru/su/fu are accented and behave as if they were H-final: (ko'n)(do.ru) 'condor', (i'n)(da.su) 'the Indus River', and (mo'.ro)(zo.fu) 'Morozoff' (Kubozono 1996; Giriko 2008) . Here again, if final /u/ after /rsf/ is extraprosodic, these words are indeed H-final:
(ko'n)(dor.)<u>, (i'n)(das.)<u>, (mo'.ro)(zof.)<u>, and their accented status would be expected. In this line of analysis, monosyllabic loanwords like bell, bus, and rough ending in /ru, su, fu/ in Japanese would be parsed as bimoraic feet consisting of a single H syllable (ber.)<u>, (bas.)<u>, (raf.)<u>, rather than as the otherwise straightforward (LL) feet (be.ru), (ba.su), (ra.fu). The extraprosodicity analysis might then also account for why gemination does not occur in these examples, since the geminating candidate would conceivably violate NOSUPERHEAVYSYLLABLE (*(bass.)<u>).
Although this unifying explanation is quite attractive, it is best implemented within an analysis with abstract stages of the derivation. In our output-based analysis couched in classical parallel OT (vs. Stratal OT, e.g., as in Kiparsky 's (2003) analysis of Ancient Greek accent), there are several unresolved problems, both in analysis and description. Descriptively, the generalization that such final /u/'s are treated as extraprosodic appears to be limited in scope, holding only for words of exactly two or four moras (e.g., be 'ru, ko'ndoru) . For words of other lengths, the expected antepenultimate accent arises, as following from bimoraic footing and NONFINALITY, as in (pa'ru)su 'pulse', (pi'ru)su 'Pilsener',
pori(gu'ra)fu 'polygraph', oʃiro(gu'ra)fu, (pa'zu)ru 'puzzle', (ke'to)ru 'kettle', or tore(a'do)ru 'toreadór'. If the final /u/ were extraprosodic here, we would incorrectly expect a penultimate mora accent in *pa(ru's.)<u> and *pi(ru's.)<u>: NONFINALITY is not violated, due to the presence of the extraprosodic final /u/, so the predictions are different from ba'ree 'ballet' and pu'rin 'pudding', where *bare'e and *puri'n violate NONFINALITY. In 5μ-words such as asupara'gasu 'asparagus' (or even longer words), extraprosodic final /u/ wrongly predicts either *asu(pa'ra)gas.<u> with pre-antepenultimate accent or *asupara(ga's.)<u> with penult accent, not the correct asupa(ra'ga)su with antepenult accent. Even among 4μ-words of the forms /LLLL/ and /HLL/ ending in /-ru/, which clearly go against the general trend for LLfinal 4μ-words in being accented, there is also a significant number of unaccented words which have no accented variant (according to the NHK accent dictionary), such as kaasoru
Analytically, the parsing of /CVrV/ as CVr.V violates the universal ONSET constraint, whereby /VCV/ is required to be parsed as V.CV, with the medial C as an onset. This might arguably be circumvented by the final V being extraprosodic, but another more serious problem is the resulting surface syllable structure .CVr., .CVs., and .CVf., violating CODACOND (7), which restricts codas to moraic nasals or the first parts of geminates. Since /r,s,f/ are singleton coda consonants, this would be the only instance in the entire Japanese phonology where the otherwise unviolated CODACOND would be violated in surface representations. It is beyond the scope of this paper to pursue the ramifications which such CODACOND violations in output forms would entail, and leave this interesting issue for future investigation.
Gemination vs. non-gemination
Most previous studies assume, either explicitly or implicitly, that consonant gemination in Japanese loanwords is triggered exclusively by a force to preserve the coda status of the consonant-or equivalently, the closed character of the syllable-in the source words (see Kunihiro 1963; Ohye 1967; Ohso 1971; Lovins 1975; Kawagoe 1995; Tsuchida 1995; Katayama 1996 Katayama , 1998 Kitahara 1997; Shirai 2001; Kawagoe and Arai 2002, among others) .
For example, the English word hit is supposed to undergo coda gemination together with vowel epenthesis, hit  [hitto], despite the fact that the ungeminated form, [hito] 'man', is perfectly well-informed in the language. The crucial difference between the two output candidates, [hitto] and [hito] , is that the coda consonant in the input is preserved as a coda in the former, but not in the latter.
In this paper we question the idea that this kind of prosodic faithfulness between source word and loanword output is the sole factor responsible for gemination. In addition, we claim, many cases of gemination in loanwords are instead due to output-oriented optimization, driven by the imperative to achieve a better prosodic structure. There is of course no contradiction between these two factors, which jointly account for the intricate gemination patterns found in the data. Our analysis starts by tackling the mystery that consonant gemination is a highly productive process in Japanese loanwords, while it creates a structure that is marked cross-linguistically. That geminate consonants are more marked than their single counterparts can be seen from the fact that all languages have single consonants but only some of them permit geminate consonants (Maddieson 1984) . Geminates are thus marked in the classical sense that the existence of geminates implies the existence of singletons, but not vice versa. This is stated as a general markedness constraint against geminate consonants.
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(18) NOGEMINATE (NOGEM): Geminate consonants are disallowed.
The productivity of gemination in Japanese loanword phonology, on the other hand, can be illustrated by the fact that it occurs in almost all monosyllabic English words ending in a voiceless obstruent, such as toppu 'top', hitto 'hit' and bukku 'book'. The first question that faces us is why gemination occurs so productively in loanword phonology.
As mentioned above, it cannot be attributed to a phonotactic constraint of the recipient language. The ungeminated output form [hito] , for example, is perfectly well-formed in the language, where it means 'man'. Similarly, there is nothing inherently wrong with the form [buku] . Previous analyses have assumed, in one way or another, that consonant gemination in loanwords only occurs to preserve the coda consonant in the source words as a coda in the output. We state here the constraint explicitly as in (19), and illustrate the OT-interaction with some of constraints already discussed in tableau (20).
(19) FAITHCODA: A consonant that is a coda in the source word is a coda in the output.
We will see in section 5.1 that a more specific version that focuses on the word-final position is actually at play in the grammar of Japanese.
In [(hi't) to], the coda t in the source word hit is faithfully preserved as the coda in the output (as the first half of a geminate), while in the ungeminated [(hi'to) ] the source coda t is unfaithfully parsed as an onset. The fully faithful candidate [(hit)] does not violate FAITHCODA, but without a final epenthetic vowel, it has a fatal CODACOND violation.
We have already seen the more specific NOGEM-VOIOBS constraint (4) at work in the native phonology. We will see later that in addition to (18), more specific constraints are needed that refer to specific types of consonants, reflecting fundamental differences in geminability. Cf. also Kawahara (2007) universal markedness hierarchy on geminates, where geminate markedness correlates with sonorancy: *GG (glide) >> *LL (lateral) >> *NN (nasal) >> *OO (obstruent). A reviewer points out that a language like Ponapean, with geminate sonorants but without geminate obstruents, might be a counterexample to the proposed universal hierarchy. 8 Instead of appealing to FAITHCODA, we might also consider the alternative possibility that the constraint already discussed in connection with the general antepenultimate accent, namely, NONFINALITY(Ft') (17) is responsible for the gemination. Substituting NONFINALITY(Ft') for FAITHCODA in the tableau (20), we see that
Another case of non-gemination that straightforwardly follows from the constraints already discussed is the fact that gemination does not occur after a tense (long) vowel or diphthong. This is because gemination here creates violations of the constraint against superheavy syllables in (9), which is high-ranking in Japanese.
In (21b), the winner mii.to violates FAITHCODA, but the alternative candidate miit.to violates the even higher-ranking NOSUPERHEAVY.
In what follows, we demonstrate that the seemingly complex gemination and nongemination patterns, including those presented in the introduction, can be accounted for by the interaction of several violable optimality-theoretic constraints, as improvements of both markedness and faithfulness.
Segmental conditions on gemination
In this section, we present the main generalizations regarding which segments are more prone to gemination, and the constraints responsible for the difference. The factors involved concern the major phonological type distinctions in voicing (4.1), sonorancy (4.2), place (4.3), and manner (4.4). In order to not be sidetracked by nonsegmental factors, we consider only source words that are monosyllabic CVC, with simple (including null) onset and simple coda.
Since Japanese does not allow complex onsets or codas, other monosyllabic inputs like CCVC (drop), CVCC (duct) or CCVCC (tract) emerge with multiple epenthetic vowels, affecting the overall prosodic profile. As we will see in section 5, this in turn means that some prosodic structure constraints enter the picture. For CVC-inputs, however, high-ranking CODACOND will mean that the two relevant outputs are disyllabic, either the geminating CVC.CV or the non-geminating CV.CV. The former fulfills FAITHCODA, but violates NOGEM, the latter violates FAITHCODA, but fulfills NOGEM. Which of these is the preferred outcome is determined by the segmental type of the input coda consonant (henceforth marked as C).
the winner [(hi't) to] has the head foot (accented and bimoraic) in non-final position, while in the ungeminated [(hi'to) ], the head foot does not have a buffer final syllable. As we will see later, besides the fact that the general NONFINALITY constraint (17) is ranked too low to fulfill this function, there are cases of gemination that do not involve the head foot and need an account based on faithfulness.
Voicing
The major generalization that has been noted in all previous work is that voiceless stops are more prone to gemination than voiced ones. This is unsurprising, given that the native phonology of Japanese allows gemination of voiceless obstruents /p, t, k/, but not gemination of voiced obstruents /b, d, g/. As we saw in (3) above, sa.ki 'point, edge' turns into sakki 'a short time ago' as the physical notion expands to a temporal one, but tada 'just' underwent consonant devoicing as well when geminated for emphasis in tatta, *tadda . This constraint on voiced geminates (22) (repeated from (4) above) is also active in loanword phonology, where voiced stops are much less likely to undergo gemination than their voiceless counterparts.
(22) NOGEMINATE-VOICEDOBSTRUENT (NOGEM-VOIOBS): Voiced obstruent geminates are prohibited.
Given FAITHCODA (19), gemination is expected whenever the source word contains a coda, but previous work has shown that gemination is found most regularly only with voiceless codas. (23) We formulate the relevant constraint in (26), and illustrate the point in (27).
(26) NOGEMINATE-SONORANT (NOGEM-SON): Sonorant geminates are prohibited.
Since sonorant consonants are also voiced, one might consider combining NOGEM-VOIOBS and NOGEM-SON into one constraint NOGEM-VOI. Although such a merged constraint would be unproblematic for the simple CVC cases analyzed so far, there are good reasons to keep the voiced obstruent and the sonorant versions separate. First, the two constraints, NOGEM-VOIOBS and NOGEM-SON, must be separate in the native phonology, where voiced obstruents and approximants (the rhotic /r/ and the glides /w/ and /y/) are not geminated, but nasals regularly are. We find native items like tomma 'silly' (see also footnote 1 above for other examples of geminated sonorants in the native vocabulary), but the name Tom is ungeminated to'mu, and not *to'mmu. Second, as we will see in section 5, voiced obstruents do geminate under certain prosodic conditions (dora'ggu 'drug', *do'ragu, while sonorants do not (do'ramu 'drum', *dora'mmu). The crosslinguistic facts point in the same direction: Taylor 1985 showed in a typological survey that the presence of a sonorant geminate in a language generally implies the presence of at least one obstruent geminate, but not vice versa, and Kawahara, Pangilinan and Garvey 2011 provide several arguments supporting the distinction between voiced obstruents geminates and sonorant geminates. In addition, there are processes turning sonorant geminates into obstruent geminates, but no processes going in the other direction. Examples are the occlusivization of geminate approximants in Berber and LuGanda. Finally, there are processes degeminating only the most sonorant types of geminates: For example, in Sanskrit glides and rhotics were degeminated, but not lateral, nasal, and obstruent geminates.
Place of articulation
A closer survey at the gemination pattern reveals that place of articulation affects the geminability of C. Kawagoe 2015 (see also references cited there) notes that coda stops in the input are almost invariably geminated if they are voiceless (except in consonant clusters such as ask  asuku and tact  takuto). As (28) Our own survey data show the distribution in (29).
Among the voiced obstruent stops, the gemination constraints therefore need to distinguish between places of articulation, e.g., NOGEM-B >> NOGEM-G >> NOGEM-D. For our purposes, it is sufficient to distinguish consonants with peripheral (labial and dorsal) places of articulation from consonants with central (coronal) place, with the resulting constraint ranking in (30). An illustrative tableau appears in (31). It is of some interest that the preference scale that emerges in (29)-DD>GG>BB, where ">" stands for "less marked than"-is at variance with the articulation-based scale BB>DD>GG, which reflects the aerodynamics of voicing and is well supported by typological data (see Hayes and Steriade 2004:7-12 , who even use this case as a textbook example of a markedness ranking with a clear phonetic basis). Questions of detail aside, the smaller the cavity behind the constriction, the more difficult it is to maintain voicing in a geminate stop (Ohala and Riordan 1979) . However, in the Japanese loanword data, two of three articulatory preference relations are reversed. There might be no incompatibility here since the scale that is at work in the loanword data is perhaps not based on aerodynamic difficulty, but on duration. It stands in full agreement with the different duration ratios determined by Homma (1981) The complication in the statement of (33) stems from the fact that /d/ needs to be excluded. This is perhaps an artifice-the ultimate analysis might involve a general constraint against geminating voiced obstruents, as in (4) cue to gemination by marking the end of frication. In the case of the (non-geminating) /su/, no such formant transition is observed. Summarizing so far, the five different gemination constraints are ranked with respect to FAITHCODA in the way depicted in (36). In the following sections, we show that more specific versions of FAITHCODA (19) and NONFINALITY (17) are needed, and that INITIALFOOT (15) plays a crucial role in explaining cases of gemination different from those seen so far. Since NOGEM-VOIOBS-D and the general NOGEM are both ranked at the bottom of the hierarchy, we will henceforth regard the case of /d/ as being adequately included in the general constraint. In the preceding section, we considered only monosyllabic CVC inputs, in order to focus on the difference in geminability between segment types (voicing, place, and manner). We found gemination of C with /p, t, t ͡ s, t ͡ ʃ, k/ (voiceless stops), /ʃ, h/ (non-anterior fricatives), and /d,
No gemination in C position was found with /b, g, z/ (peripheral voiced stops and voiced fricative), /s, f/ (voiceless anterior fricatives), and /m, n, r/ (sonorants). For CVC-inputs, there is only one coda, which is also the word-final coda.
In polysyllabic words, we find a fundamental distinction between two different kinds of coda positions: Word-final codas are geminated, but not word-internal codas. This is illustrated in (37), where we find word-final codas geminated whatever the length of the word, but word-internal codas ungeminated. The pattern here is not exceptionless, there are cases of non-gemination of /b,g/ in CCVC, such as su'ragu 'slag' and ku'rabu 'club', but the majority pattern to be captured is clearly gemination, as in suno'bbu 'snob' and furo'ggu 'frog', see (41) for summary statistics. Even for /b/, the most gemination-averse (only 5% gemination in CVC), we find 62.5% gemination in CCVC.
(41)
One of the reasons, we claim, is that the avoidance of a word-final head foot is much stronger in non-minimal words than in strictly minimal words (i.e., consisting of exactly one foot). We acknowledge this by stating a separate and higher-ranking constraint NONFINALITYXFT' for non-minimal words.
14 (42) NONFINALITY-XFT' (NONFIN-XFT'): The head foot (Ft') is not final in a non-minimal prosodic word.
The general NONFINALITY constraint given earlier in (17) Such CVCC-inputs have (LL)L output profiles (CVCU)CU, with two epenthetic vowels (after each coda C). 18 It is revealing to compare the adaptation of inputs with complex codas such as bulb, with that of inputs with complex onsets such as snob (49d). 16 Another candidate which fulfills HEADDEP is the unaccented (gura)mu. It loses to (gu'ra)mu because WORDACCENT, which demands an accent, dominates HEADDEP. A different outcome results with an input like skull, which turns into su̥ (ka'ru): Here a constraint barring accent on voiceless vowels prevents *(su̥ 'ka)ru, and high-ranking NOGEM-SON, which dominates NONFIN, prefers su̥ (ka'ru) to *su̥ (ka'r)ru. NOGEM-ANTFRIC also dominates NONFIN, resulting in spiff (up)su̥ (pi'fu), but this ranking seems to be variable, like some of the rankings in our analysis, and su̥ (pi'f)fu is also found. 17 /t ͡ s/ is interpreted as the allophone [t ͡ s] of /t/ occurring before /u/. German coda /r/ is rendered as /ɾ/, not as vowel length, as in Berlin  beruri'n and Merkel  me'rukeru. The crucial difference here is the location of the epenthetic vowels, which is avoided as bearer of the antepenultimate mora accent, a HEADDEP effect (45). In the complex coda case, the penultimate and the final mora have epenthetic vowels, so the accent can fall on the antepenult without violating HEADDEP or NONFIN, resulting in (ba'bU)rU) (49a). But in the complex onset case, the antepenultimate and the final mora are epenthetic, so a parallel assignment of accent in *(sU'no)bU) (49d) violates HEADDEP, and accenting the nonepenthetic penultimate vowel, as in *sU(no'bU) (49f), violates NONFIN. This leaves sU(no'b)bU (49e), where gemination has the effect of moving the accent foot away from the end of the word. This geminating candidate also fulfills prosodic faithfulness (to the wordfinal coda), but the corresponding constraint FAITHCODA/_] WD is ranked too low to be able to overcome the objections of NOGEM-VOIOBS by itself.
Finally, we compare duct and pocket, where the vowel between /k/ and /t/ is epenthetic in the former but underlying in the latter. As background, we first discuss a third example without any epenthesis, potato. Here the faithful candidate (po'te)to (50a) violates none of the constraints under discussion and is not defeatable by some candidate with gemination, in particular not by *pote'tto (50c), which shows pointless gemination of a consonant which is an onset in the input, not a word-final coda.
For the input duct, the winning candidate (da'kU)tO (50e) violates FAITHCODA/_] WD , but its main competitor, da(kU't)tO (50g), with a faithfully geminated word-final coda, suffers from a fatal HEADDEP violation. The outcome is different when the second and third consonant are separated by an underlying vowel, as in pocket: Here the candidate faithfully geminating the word-final consonant, poke'tto (50i), has an underlying vowel in its accented penultimate syllable, which does not violate HEADDEP and avoids a violation of NONFIN-XFT.
Prosodic markedness II: INITIALFOOT
So far, we have only looked at word-final gemination, triggered by both faithfulness (FAITHCODA/_]WD) and markedness (NONFIN-XFT'). In this section we turn to word-internal gemination, which comes in several varieties. On the one hand, there are cases of gemination which can only be attributed to orthography, 19 being triggered by doubled consonants, such as hi'ttaito 'Hittite', kappado'kia 'Cappadocia', or buryu'sseru 'Brussels'. Orthographic gemination can also affect consonants which otherwise avoid gemination, such as the 20 There are also cases of gemination which are morpheme-final and not word-final, such as kya'ppu+resu 'cap+less', attatt ͡ ʃi+me'nto 'attachment', or kurokku+wa'izu 'clockwise' (Lovins 1975:93) . These can be understood as being due to analogy with their bases, where the consonants in question are in fact word-final, and can be captured by means of Output-Output constraints.
What demands our attention here is a third kind of word-internal gemination, which has a definite prosodic base: Word-internal gemination can be triggered by another prosodic markedness constraint, INITIALFOOT. In section 2.3 above, we saw various effects of the INITIALFOOT constraint (51) in reversing language games, baby talk, and loanword truncations.
(51) (=(15)) INITIALFOOT (INITFT): A prosodic word begins with a foot.
INITIALFOOT is violated by word-initial LH sequences because the initial L is prosodically trapped and remains unfooted, since the following H is footed on its own as a bimoraic foot [L(H)…]. This is the constraint responsible for word-internal gemination in cases such as ku'kkii, *ku'kii 'cookie or ha'ppii *ha'pii 'happy', illustrated first with a simple minimal tableau below.
Gemination creates the initially-footed (H)(H) structure, while non-gemination leads to an LH output that violates INITIALFOOT. This is a case of prosodic markedness at work rather than prosodic faithfulness (FAITHCODA), since there are no codas in the source words cookie and happy. Gemination in words with medial intervocalic voiceless obstruents like cookie is the majority pattern that needs to be captured by our analysis. As Kawagoe 2015:114 points out, there is also a minority pattern represented by words like puppypa'pii. This variation can be captured by assuming that this group of words is marked for a variant ranking with NOGEM >> INITIALFOOT. Further confirmation of the effect of INITIALFOOT can be found in the contrasts between derivationally related words in (53), where the initial trapping effect, and hence gemination, is found only in one case. Gemination in happy-type words can in general not be attributed to spelling since double consonants in orthography often do not geminate (e.g., happiness), and orthographic singletons, as in cookie, do geminate.
A tableau for contrasts of this type appears in (54) (we henceforth do not mark epenthetic vowels with capitalization, since they are easily identifiable, and not the focus of discussion).
The geminated (54d) fulfills INITIALFOOT with its initial H (ha'p), but so does the ungeminated (54c), where the initial syllable forms a bimoraic foot with the next syllable (ha'pu), and is the winner because it does not have a NOGEM violation. We return here to an observation briefly made in section 4.4 above: The constraint NOGEM-ANTFRIC/_]WD (34) against geminate /s/ and /f/ only holds strictly in word-final position. Candidate (re'su) (55a) wins because (re's)su (55b), which observes coda faithfulness, violates NOGEM-ANTFRIC/_]WD. But once removed from the end of the word, /s/ is free to geminate to fulfill INITIALFOOT, as in (re's)(sun) (55c). A parallel case with /f/ is pa'fu 'puff' vs. ba'ffaa 'buffer'. When the end of the word is not involved and neither wordfinal coda faithfulness nor the ban against word-final geminate /s,f/ is at play, the gemination patterns are regulated by the prosodic markedness constraint INITIALFOOT, as shown by the contrast between ri'ssun (55e) and ri'sunaa (55h). The length of the word by itself is not the responsible factor for gemination, and we find gemination in longer LH-initial words, as in (56). Tsuchida 1995:158-159 and Ito and Mester 2003:47-52 for the motivation for this kind of constraint).
(63) OCP-GEMINATE (OCP-GEM): Geminates in successive syllables are prohibited.
Candidates (62b, c) manage to fulfill INITIALFOOT without violating OCP-GEM, but are out because they violate FAITHCODA/_] WD , which dominates INITIALFOOT. The winner bu(ra'k)ku (62e), with an initially trapped syllable but with accent on an underlying vowel, is preferred to (bu'ra)ku (62f), which begins with a footed syllable but has the accent on an epenthetic vowel. This is due to the dominance of HEADDEP over INITIALFOOT. Returning to examples discussed above in (50), OCP-GEM dominates FAITHCODA/_] WD and is responsible for the selection of (da'ku)to (64a) over (da'k)(kut)to (64d), which has otherwise only two violations of low-ranking NOGEM. 22 It also dominates INITIALFOOT, which explains why po(ke't)to (64e) is preferred to (pok)(ke't)to (64h).
22 Another serious competitor is *da'(kut)to, which retracts the accent from the epenthetic vowel (avoiding a HEADDEP violation) and also faithfully geminates the word-final coda. It is out because of a constraint against epenthetic vowels in closed syllables, which is never violated in Japanese and dominates FAITHCODA/_] WD . Because of the strict syllable structure conditions in Japanese-in particular, NOCOMPLEX (6) and CODACOND (7)-, English H-syllables often become (multiple) L-syllables with epenthesis (cf. the oft-cited disyllabic Christmas becoming the 5-syllable kurisu'masu). Less often mentioned in the loanword literature is the reverse situation where certain (stressless) English L-syllables are adapted as H-syllables in Japanese, namely, (i) stressless word-final /i/ (orthographic -y or -ie), (ii) rhotacized schwa (orthographic -er), 23 Of interest is the fact that these syllabic consonants (occurring with regular epenthesis) appear to be footed together with their onsets in the loanword, as shown in (67b).
(67) source  loan footing example a. .Cr̩ .
This can be interpreted as a preservation of prosodic cohesion: Since these coherent units cannot remain tautosyllabic in Japanese, they at least continue to occupy the same foot: sample [pl̩ ](sa'm)(puru). 24 More formally, we are dealing with sequences of rising sonority XY that are maximal (i.e., Y is not followed by a segment of even higher sonority, such as the /i/ in tree). Such sequences play a central role in syllabification patterns as in Berber (Dell and Elmedlaoui 1985; Prince and Smolensky 1993) , and constitute the essence of "core As a summary of the analysis, we first assemble all constraints that play a role and their ranking. In (75), we reproduce the overall constraint ranking diagram produced by OTWorkplace (OTW), a software suite developed by Alan Prince, Bruce Tesar, and Naz Merchant that, in the words of its authors, "uses Excel as a platform for interactive research with the analytical tools of modern rigorous OT". 28 In order to bring out the structure of the system, faithfulness constraints have been marked by ovals, and markedness constraints by rectangles. Among the markedness constraints, the special group of segmental antigemination constraints have solid borders, whereas the others-all prosodic wellformedness constraints-have broken borders. The core data that support these rankings and the analysis, as summarized by OTW in its skeletal basis, appear in (76), adapted to the notations of this paper. The essence of OT's ranking logic is that in each winner-loser pair for a specific input, each constraint favoring the loser must be dominated by some constraint favoring the winner. Being a winner in OT means beating every competitor on the highest-ranking constraint that distinguishes the two. This is most clearly brought out in the comparative tableau format (Prince 2000) . In each row representing one such competition, "W" in a constraint column means that the constraint in question favors the winner, "L" that it favors the loser, and no mark that it favors neither. Thus in the first row, "W" in the first column means that the constraint WORDACC requiring words to have accent favors the winner, (gu'ra)su, with accent on an epenthetic vowel, whereas the "L" in the HEADDEP column means that this constraint favors the unaccented winner (gura)su. The fact that (gu'ra)su is preferred to unaccented (gura)su supports the ranking WORDACC >> HEADDEP. Another interaction briefly discussed earlier is the preference of su̥ (ka'ru) 'skull' over (su̥ 'ka)ru, which supports the dominance of the constraint militating against accent on a voiceless vowel over the NONFINALITY constraint.
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"SyllStruc" is a cover constraint combining the three constraints NOCOMPLEX (6), CODACOND (7), and NOSUPERHEAVY (9).
(76) OTW skeletal basis In conclusion, we would like to highlight three central results of this study. First, as already argued by Kubozono, Ito and Mester 2008 , prosodic markedness plays an essential role in the explanation of the gemination and non-gemination patterns in Japanese loanwords.
Significant higher-level prosodic factors that are part of the native system are at work and result in gemination. An example is INITIALFOOT, a constraint demanding prosodic words to start out with a bimoraic foot, not with an unfooted syllable, see (Ito & Mester 1992) . This is seen in contrasts such as (.ri's.)(sun.) 'listen' (not *.ri'.(sun.)) vs. (.ri'.su.)(naa.) 'listener' (not *(.ri's.)su.(naa.)).
Secondly, prosodic faithfulness to the source word also plays a central role. Gemination is a way of preserving word-final codahood in the English source words of consonants geminable in Japanese. The necessity of coda faithfulness in addition to prosodic markedness is clear from examples like the following: The English word market exists in two variants, the first with rule-based antepenult mora accent: (.maa.)(ke't.)to., the second with faithful accent
